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LONG-TERM  GOALS 

Our  long-tenn  goals  are  describing  and  understanding  the  mechanisms  responsible  for  plankton 
accumulation  and  transport  in  large  amplitude  internal  waves. 

OBJECTIVES 

The  general  objective  of  our  research  is  to  observe  the  effects  of  tidally  generated  undular  bores  on 
near-surface  plankton  distribution.  The  particular  objectives  are  (1)  to  determine  the  spatial  scales  of 
plankton  distribution  compared  to  the  physical  features  before,  during  and  after  the  internal  tidal  bores, 
and  (2)  to  resolve  whether  plankton  is  concentrated  by  the  physical  characteristics  of  the  bores.  If  there 
is  a  pattern  in  the  plankton  distribution  associated  to  the  bore,  then  another  objective  is  (3)  to 
determine  whether  plankton  accumulation  is  dependent  on  plankton  behavior,  and  whether,  and  to 
resolve  whether  taxa  redistribute  differentially  in  specific  regions  of  the  bore. 

APPROACH 

We  are  using  a  combined  observational  and  theoretical  approach.  Our  observational  program  includes 
following  internal  bores  as  they  propagate  from  Stellwagen  bank  to  Scituate,  in  Massachusetts  Bay. 
The  bores  are  sampled  with  a  shipboard  Doppler  current  meter  (velocity  and  backscatter)  and  a  towed 
video  plankton  recorder  (VPR).  In  addition  to  capturing  images,  the  VPR  records  depth,  conductivity, 
temperature,  fluorescence,  light  attenuation  and  PAR  (Photosynthetically  Active  Radiation).  The 
program  also  includes  observing  the  bores  with  moored  instruments,  including  a  moored  video 
plankton  observatory  system  (“AVPPO”),  temperature  moorings,  and  Doppler  current  meter  profilers. 
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Our  observations  on  the  particle  accumulation  by  the  bores  will  be  contrasted  with  an  internal  bore 
model  (Scotti  and  Beardsley,  subm.)  The  bore  model  will  also  be  used  to  guide  our  observational 
program.  In  general,  Pineda  and  Gallager  are  responsible  for  the  observational  portion  of  the  program, 
while  Scotti  is  in  charge  of  the  theoretical  aspect. 

WORK  COMPLETED 

The  fieldwork  component  consists  of  two  cruises,  one  in  2001  and  another  in  2002.  The  2001  cruise 
sailing  date,  originally  scheduled  for  September  10,  was  moved  to  September  12,  due  to  an 
unforeseeable  circumstance  that  prevented  the  Captain  of  the  R/V  Connecticut  from  being  available  on 
the  planned  date.  Poor  sea  conditions  forced  us  to  return  to  port  two  days  earlier  than  planned. 

Despite  the  reduced  available  time,  we  were  nonetheless  able  to  acquire  a  significant  wealth  of  data. 

On  our  2001  cruise  we  deployed  five  temperature  moorings,  located  at  25  (1  mooring),  30  (1)  and  45 
(3)  m  water  depth,  and  two  Doppler  current  profilers  at  25  and  45  m.  The  instruments  acquired  high 
frequency  temperature  and  currents  time  series.  We  also  obtained  hourly  profiles  from  seabed  to 
surface  of  plankton,  temperature,  conductivity,  fluorescence,  light  attenuation  at  5  frequencies  (AC-9), 
and  up  and  down-welling  irradiance  with  the  AVPPO.  We  also  sampled  about  14  internal  bore  fronts 
as  they  propagated  westward  from  Stellwagen  bank,  both  during  daytime  and  nighttime.  Sampling  was 
completed  with  the  VPR  (plankton,  temperature,  conductivity  and  depth)  and  with  a  shipboard  600 
kHz  Doppler  current  meter  (backscatter,  velocity.)  The  number  of  passes  perpendicular  to  the  wave 
crest  ranged  from  4  to  15. 

On  the  theoretical  side,  we  completed  the  physical  part  of  the  model  and  described  the  evolution  of  the 
internal  undular  bores  in  the  area  in  a  paper  submitted  to  the  Journal  of  Geophysical  Research  (Scotti 
and  Beardsley,  subm).  We  have  also  added  a  module  to  the  model  to  study  the  advection  of  plankton 
by  the  internal  tide. 

RESULTS 

We  have  not  had  sufficient  time  to  analyze  the  data;  we  plan  to  analyze  it  in  the  next  few  months.  Our 
preliminary  observations  suggest  that,  on  occasions,  zones  of  high  backscatter  were  associated  to  the 
internal  bore  depressions  (Figure  1),  and  that  these  zones  of  high  backscatter  were  present  as  the  waves 
propagated.  As  has  been  observed  before  (LaFond,  1962),  the  waves  were  accompanied  by  surface 
slicks  (Figure  2),  and  these  slicks  were  often  detected  with  radar  (e.g.  Haury  et  ah,  1983).  We  sampled 
these  zones  of  high  backscatter  simultaneously  with  the  Video  Plankton  Recorder  (VPR).  Although  a 
full  analysis  is  required  to  quantify  these  results,  real-time  observations  of  plankton  distributions 
associated  with  internal  waves  indicated  taxon-specific  associations  within  specific  regions  of  the 
internal  waves  (IWs),  and  at  certain  times  of  the  day.  A  striking  example  of  this  was  observed  for 
Euphausiids  ( Thyanessa  rauchii  ?).  While  Euphausiids  were  not  observed  associated  with  IWs  during 
daylight  hours,  between  the  hours  of  1900  and  0000,  Euphausiids  were  found  localized  in  the  leading 
edges  of  the  IW  where  vertical  velocity  vectors  were  downward.  Between  the  hours  of  0200  and  0600, 
Euphausiids  were  found  in  very  high  abundance  in  the  trailing  edges  of  the  IW  where  velocity  vectors 
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Figure  1.  Interpolated  backscatter  (top  panel)  and  velocity  magnitude  (bottom  panel)  with  depth  (m) 
and  time  (s)  obtained  front  the  shipboard  Doppler  current  meter.  Bin  size  is  1  m.  RV  Connecticut 
steaming  towards  Stellwagen  bank  at  about  3-4  knots.  Patterns  in  backscatter  and  velocity 
magnitude  reveal  an  internal  bore  followed  by  internal  solitary  waves.11552  s  is  about  9:11  EDT,  18 
Sep  01.  Note  the  zone  of  high  backscatter  in  the  first  wave  of  depression. 

[The  top  panel  shows  a  three-layer,  uniform  backscatter  pattern  from  time  10,225  s  to  time  11,  287 
s.  After  11,287  the  backscatter  reveal  three  waves  of  depression  about  15  m  in  wave  height.  The 
velocity  panel  also  reveals  the  three  waves  of  depression,  with  larger  magnitudes  in  the  depressions 
than  outside  the  depressions.  Velocity  magnitude  is  larger  in  the  first  wave  of  depression  than  in  the 

second  or  third  waves.] 
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Figure  2.  Photo  of  a  surface  slick  associated  to  the  leading  edge  of  the  bore  in  Figure  1,  observed 
from  the  bow  of  the  RV  Connecticut.  The  photo  was  taken  91  minutes  after  09:11  EDT,  18  Sep  01. 
The  boat  was  steaming  onshore,  in  the  direction  of propagation  of  the  wave. 

[A  band  of  glossy  water  on  the  sea  reveals  the  surface  manifestation  of  the  leading  edge  of  the 

internal  bore.] 


were  upward.  This  suggests  an  interaction  between  vertical  migration  behavior  and  velocity  structure 
in  controlling  location  and  patch  dynamics  of  Euphausiids  in  IWs. 

We  also  observed  the  evolution  of  bores  with  trailing  high  frequency  internal  waves,  in  —80  m  water, 
into  bores  with  no  trailing  waves  at  -30-40  m  water.  We  have  previously  observed  the  occurrence  of 
an  internal  tide  in  very  shallow  water  (20-25  m).  With  our  moored  and  towed  observations,  we  will 
resolve  whether  the  arrival  of  the  bore  that  generates  at  Stellwagen  Bank  (Scotti  and  Beardsley,  subm.) 
corresponds  to  any  particular  phase  of  the  shallow  internal  tide. 

The  numerical  model  shows  that  the  sloping  bottom  to  the  west  of  Stellwagen  Basin,  under  the 
majority  of  the  environmental  conditions  observed,  acts  as  a  low-pass  filter  for  the  internal  bore.  The 
high  frequency  train  of  solitary  waves  trailing  the  initial  depression  does  not  propagate  beyond  the 
30-m  isobath,  but  dissipates  due  to  instabilities.  However,  the  leading  edge  of  the  bore  is  able  to  move 
upshelf  towards  shallow  waters  (see  Figure  3). 
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IMPACT/IMPLICATIONS 


Our  research  will  shed  light  on  the  formation  and  persistence  of  zooplankton  patchiness  by  internal 
bores  and  waves,  and  whether  zooplankton  behavior  influences  this  pattern. 
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Figure  3.  The  internal  undular  bore  approaching  the  shallow  area  west  of  Stellwagen  Basin.  The 
time  is  12  hours  after  low  tide.  Stellwagen  Basin  is  to  the  right,  Scituate  to  the  left  and  shown  are 
lines  of  constant  density.  Depth  are  expressed  in  meters,  horizontal  distances  are  in  km.  From  top  to 
bottom  conditions  refer  to  mean  tide,  spring  tide  and  neap  tide.  The  high  frequencies  waves  become 
unstable  and  collapse.  On  the  shelf  a  wave  of  depression  propagates. 

[The  top  panel  shows  the  profde  of  the  bottom,  shaded,  and  three  lines  representing  surfaces  of 
constant  density.  The  bottom  depth  decreases  from  right  to  left.  The  high  frequency  waves  do  not 
propagate  past  the  40-m  isobath.  Middle  panel:  same  as  top,  but  during  spring  tide.  Bottom  panel: 

same  as  top,  but  during  neap  tide.] 


TRANSITIONS 

None 
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RELATED  PROJECTS 


This  project  is  a  new  start.  Scotti’s  modeling  paper  is  related  to  a  USGS  project  on  internal  waves  in 
Massachusetts  Bay. 
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